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Abstroct 

e purpose  of  this  report  is  to  describe  the  correlations  between  animal  response 
data  and  the  yields  of  selected  thermal  decomposition  products.  Seventy-five 
aircraft  Interior  materials.  Including  panels,  fabrics,  foams,  and  thermoplastics 
were  thermally  decomposed  under  conditions  of  oxidative  pyrolysis  in  a tube  furnace. 

In  one  experiment  performed  at  the  Civil  Aeromedical  Institute  (CAMI),  the  thermal 
decomposition  products  were  directed  Into  an  animal  exposure  chamber  containing  male 
albino  rats.  Both  times-to-incapacitation  (ti)  and  times-to-death  (td)  were  recorded. 
In  a separate  experiment  performed  at  the  National  Aviation  Facilities  Experimental 
Center  (NAFEC),  the  thermal  decomposition  products  (TDP's)  were  collected  and 
analyxed  for  CO,  HCN,  H2S,  HCl,  HBr,  N02,  SO2,  HCHO,  and  HF  yields.  Multivariate 
linear  regression  analysis  is  used  to  correlate  the  times-to-lncapacitation  with  the 
yields  of  the  nine  TDP's.  The  coefficients  of  correlation  (R)  between  TDP  yields 
and  l/t±  values  exceed  0.95  for  all  usage  categories  except  panels,  for  which  R=0.80. 
In  addition,  the  coefficients  of  correlation  between  observed  and  predicted  l/t± 
values  for  four  "unknown"  materials  In  each  of  several  usage  categories  are: 
panels  = 0.393,  foams  ® 0.948,  fabrics  * 0.968,  and  thermoplastics  = 0.988.  Times- 
to  incapacitation  are  related  primarily  to  the  yields  of  systemic  toxicants 
(HCN,  CO,  etc.)  rather  than  the  yields  of  irritant  TDP.  In  general,  HCN  Is  more 
Important  for  describing  l/ti  values  than  CO,  although  CO  is  the  predominant 
toxicant  for  thermoplastics  and  coated  fabrics./ 1 
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INTRODUCTION 


PURPOSE . 

The  purpose  of  this  report  Is  to  describe  the  correlations  between  animal 
response  data  obtained  on  75  aircraft  Interior  materials  at  the  Civil  Aero- 
medlcal  Institute  (CAMI)  and  the  yields  of  nine  thermal  decomposition  products 
(top's)  which  were  measured  for  the  same  materials  at  the  National  Aviation 
Facilities  Experimental  Center  (NAFEC) . The  primary  objective  Is  to  deter- 
mine whether  or  not  an  observed  animal  response,  such  as  tlme-to- Incapacitation 
(tj^),  can  be  described  by  a statistical  model  based  on  the  measured  yields 
of  TDP's.  A secondary  objective  Is  to  determine  whether  or  not  such  a model 
can  be  employed  when  only  a limited  number  of  the  more  commonly  monitored 
TDP's  are  measured. 

BACKGROUND. 

Several  recent  studies  conducted  at  NAFEC  have  been  concerned  with  the 
analysis  of  TDP's  released  by  aircraft  Interior  materials.  In  an  Initial 
Investigation,  the  materials  were  thermally  decomposed  under  flaming  condi- 
tions In  the  National  Bureau  of  Standards  (NBS)  smoke  chamber.  The  yields  of 
selected  TDP's  were  estimated  using  colorimetric  detector  tubes  (reference  1). 
Later  studies,  employing  Instrumental  methods  of  analysis.  Involved  the 
oxidative  pyrolysis  of  the  same  materials  In  a tube  furnace  (references  2, 

3,  and  4).  The  TDP  yields  utilized  In  this  report  are  from  reference  2. 

It  was  recognized  very  early  In  the  program  that  animal  response  data 
would  be  required  to  rank  these  materials  according  to  their  relative  poten- 
tial toxlcltles  In  a fire  environment  (reference  5).  The  yields  of  TDP's, 
by  themselves,  are  not  sufficient  for  this  purpose  since  the  significance  of 
these  data  cannot  be  determined  without  a toxicological  point  of  reference. 
Scientists  at  CAMI  have  had  considerable  experience  In  experimental  animal 
toxicology.  Including  the  observation  of  animal  responses  In  relation  to 
pure  gas  exposures  of  carbon  monoxide  (CO)  and  hydrogen  cyanide  (HCN) 
(references  6 and  7),  and  the  testing  of  materials  (references  5 and  8).  The 
FAA's  Systems  Research  and  Development  Service  (SRDS) , therefore,  established 
a cooperative  program  between  NAFEC  and  CAMI  In  order  to  obtain  animal 
response  data  and  TDP  yields  on  typical  aircraft  Interior  materials.  The 
animal  response  data  obtained  at  CAMI  (reference  9)  have  been  utilized  to 
assign  relative  potential  toxlcltles  to  the  materials  discussed  In  this  report. 

The  effort  described  In  this  report  Is,  In  effect,  a feasibility  study  to 
determine  whether  or  not  further  research  by  the  Federal  Aviation  Adminis- 
tration (FAA)  Into  blo-analytlcal  correlations  Is  warranted.  Correlations 
between  observed  animal  responses  and  the  concentrations  of  toxic  TDP's  com- 
monly present  In  combustion  atmospheres.  If  successful,  could  be  useful  In 
several  areas.  One  Is  quality  control  tests,  while  another  Is  Initial 
screening  tests  for  aircraft  materials.  This  might  reduce,  but  not  eliminate, 
the  need  for  animal  tests. 
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A more  immediate  use  could  be  made  of  such  correlations  to  assist  in  inter- 
preting proposed  FAA  full-scale  fire  test  results.  Animal  test  protocols 
commonly  used  to  compare  the  relative  combustion  hazards  of  materials  have 
been  developed  for  use  under  laboratory  conditions.  However,  current  FAA 
programs  are  designed  to  compare  materials  in  full-scale  fire  tests  (refer- 
ence 10) . Test  durations  will  be  restricted  to  approximately  5 minutes  or 
less  in  order  to  simulate  realistic  fire  scenarios  and  evacuation  times. 

In  addition,  the  sample  loading  will  be  low  in  comparison  with  most  labor- 
atory animal  test  protocols.  Short  test  durations,  high  temperatures,  and 
low  TDP  concentrations  may  limit  the  utility  of  most  presently  available 
laboratory  animal  test  protocols  for  use  in  the  FAA's  full-scale  fire  test 
program.  If  a suitable  animal  test  protocol  is  not  avaialble,  it  may  be 
necessary  to  base  material  comparisons  on  the  chemical  analysis  of  the  full- 
scale  fire  environment. 


EXPERIMENTAL  SECTION 


AIRCRAFT  INTERIOR  MATERIALS. 


The  aircraft  interior  materials  discussed  in  this  report  were  chosen  from 
among  those  which  were  used  in  wide-body  aircraft  during  1972-1973.  Many 
of  these  materials  are  still  in  service.  The  materials  comply  with  the 
latest  FAA  flammability  requirements,  and  are  "self  extinguishing"  in  a 
vertical  orientation  (reference  10).  They  were  supplied  to  NAFEC  through 
the  cooperation  of  the  Aerospace  Industries  Association  of  America  and 
leading  seat  manufacturers  for  the  aircraft  industry. 

The  materials  have  been  classified  according  to  usage  categories  in  order  to 
compare  materials  with  similar  functions.  They  include  13  panels,  9 panel 
components,  12  fabrics,  9 foams,  8 thermoplastics,  6 flooring  materials,  5 
cargo  bay  liners,  4 coated  fabrics,  4 insulation  materials,  3 transparencies, 
and  2 elastomers.  The  chemical  and  physical  characteristics  of  these  mater- 
ials are  described  in  more  detail  in  reference  1.  However,  their  basic  com- 
positions are  described  in  table  1. 

NAFEC  TEST  PROCEDURE. 


Details  of  the  experimental  procedures  employed  at  NAFEC  and  CAMI  have  been 
described  in  previous  reports  (references  2 and  9).  Therefore,  only  summaries 
of  the  two  experimental  approaches  are  presented  in  this  report.  The  material 
samples  tested  at  NAFEC  and  CAMI  are  not  exposed  to  identical  experimental 
conditions. 
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TABLE  1.  EXPERIMENTAL  DATA  AND  CALCULATED  TIMES-TO-INCAPACITATION  (Continued) 


FIBERCIASS  SS  STAINLESS  STEEL 

FLAME  RETARDANT  UR  URETHANE 

MELAMINE  7 TRACE 


This  Is  due  to  limiting  factors  Imposed  by  the  different  objectives  of  the 
two  laboratories.  The  NAFEC  tests  are  designed  to  obtain  TDP  yields,  while 
the  CAMI  tests  are  designed  to  measure  animal  responses.  However,  the  two 
approaches  are  similar,  and  parametric  studies  (reference  2 and  unpublished 
NAFEC  data)  Indicate  that  the  thermal  decomposition  products  generated 
in  both  laboratories  are  probably  comparable  for  many,  but  not  all,  of  the 
75  materials. 

A 250-mllllgram  (mg)  sample  of  material  Is  exposed  to  600  degrees  Celsius 
("C)  in  a tube  furnace.  The  material  is  heated  in  a Vycor®  tube  for  5 minutes, 
while  air  is  drawn  through  the  tube  at  a flow  rate  of  2 liters  per  minute 
(^/m).  Eight  of  the  nine  thermal  decomposition  products  are  sampled  using 
four  liquid-filled  bubblers,  each  of  which  contains  an  appropriate  absorbing 
solution.  The  tube  furnace  and  associated  apparatus  are  depicted  in  figure  1. 

The  contents  of  the  bubblers  are  analyzed  for  hydrogen  cyanide  (HCN) , hydrogen 
sulfide  (H2S),  hydrogen  chloride  (HCl),  hydrogen  bromide  (HBr) , and  formaldehyde 
(HCHO)  by  differential  pulse  polarography.  Nitrogen  dioxide  (NO2)  and  sulfur 
dioxide  (SO2)  are  analyzed  by  spectrophotometric  procedures,  while  hydrogen 
fluoride  (HF)  is  measured  by  ion  selective  electrode.  Carbon  monoxide  (CO)  is 
collected  by  replacing  the  bubblers  with  a Saran®  sample  bag  and  passing  the 
required  airflow  through  the  combustion  tube  from  a cylinder  of  high  purity  air. 
The  CO  is  analyzed  by  nondispersive  infrared  spectroscopy.  Three  replicate 
tests  are  made  on  each  material,  and  the  reported  yields  are  an  average  of  the 
three  results.  An  additional  series  of  three  replicate  tests  is  conducted  for 
the  CO  analysis. 

CAMI  TEST  PROCEDURE. 


A 750-mg  sample  of  material  is  exposed  to  600°C  in  a tube  furnace.  The  mater- 
ial is  heated  in  a Vycor  tube  for  10  minutes.  During  this  time,  an  airflow 
rate  of  4 1/m  is  maintained  through  the  Vycor  tube.  The  thermal  decomposi- 
tion products  enter  an  animal  exposure  chamber  constructed  of  Plexiglas  and 
are  then  recirculated  through  the  Vycor  tube.  The  total  volume  of  the  expo- 
sure system  is  12.6  liters.  The  recirculation  fan  is  turned  off  after  the 
first  10  minutes  of  a test.  However,  the  animals  are  left  in  the  exposure 
chamber  uuLil  the  last  animal  dies,  or  for  a maximum  of  30  minutes. 

Male  Sprague-Dawley  rats  weighing  between  150  and  300  grams  (g)  are  exposed 
to  the  thermal  decomposition  products  in  groups  of  three.  The  animals  are 
housed  in  individual  Plexiglas  wheels  rotating  at  6 revolutions  per  minute 
(r/mln).  Both  the  temperature  and  the  oxygen  (O2)  concentration  in  the  ex- 
posure chamber  are  monitored  throughout  a test.  The  temperature  is  not  allowed 
to  exceed  35‘’C,  while  the  partial  pressure  of  O2  is  not  allowed  to  fall  below 
95  percent  of  ambient.  The  CAMI  test  chamber  (reference  9)  is  illustrated 
in  figure  2. 

The  reported  times-to-incapacitatlon  (tj^)  and  tlmes-to-death  (t^)  are  the 
average  of  at  least  three  tests  (nine  animals)  for  all  the  materials  except 
the  panel  components.  Only  two  tests  (six  animals)  were  made  on  these  mater- 
ials. These  data  have  been  normalized  on  the  basis  of  a 200-g  test  animal 
and  a 1-g  material  sample  weight  (reference  9). 
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RESULTS  SECTION 


ANIMAL  RESPONSE  PARAMETERS. 

The  rotating  wheel  developed  at  CAMI  provides  two  toxicological  endpoints, 
ti  and  t<i.  Values  of  ti,  td,  and  l/t^  for  the  75  materials,  along  with  the 
yields  of  the  nine  TDP's,  are  contained  In  table  1.  The  Inverses  of  tl  values 
are  used  throughout  this  report  In  order  to  linearize  the  data.  A least- 
squares  linear  regression  analysis  of  l/ti  and  1/td  values  results  In  a co- 
efficient of  correlation  (R)  of  0.914  for  the  56  materials  that  produced  a 
td.  Therefore,  either  endpoint  could  be  used  to  rank  the  materials  according 
to  their  relative  potential  toxlcltles.  However,  ti  values  have  been  used  to 
rank  materials  for  two  reasons. 

1.  Incapacitation  Is  a more  relevant  response  when  one  Is  concerned  with 
emergency  evacuations  from  potentially  hazardous  environments,  such  as  post- 
crash cabin  fires.  Pure  gas  studies  (reference  6)  utilizing  albino  rats  have 
shown  that  30  percent  of  the  lethal  CO  dose  will  produce  Incapacitation, 
while  only  16  percent  of  the  lethal  HCN  dose  Is  required  to  produce  Incapaci- 
tation. Therefore,  material  rankings  that  are  based  on  death  rather  than 
Incapacitation  as  an  endpoint  may  be  misleading  for  some  applications. 

2.  A more  pragmatic  reason  for  using  ti  as  the  endpoint  is  that  71  of  the  75 
materials  produced  incapacitation,  while  only  56  of  the  materials  produced  / 
death.  For  the  experimental  conditions  employed  in  these  tests,  ti  values  j 
allow  a greater  percentage  of  the  materials  to  be  ranked.  This  parameter  is,  ( 
therefore,  of  more  value  with  respect  to  the  present  data. 

THERMAL  DECOMPOSITION  PRODUCTS. 

A brief  analysis  of  the  TOP  yields  is  contained  In  table  2.  The  TDP's  are 
listed  in  order  of  the  frequency  with  which  they  were  detected.  Carbon  mon- 
oxide, N02,  HCN,  HCHO,  and  HCl  are  released  by  60  percent  or  more  of  the 
materials,  while  SO2,  HBr,  HF,  and  H2S  are  released  by  a third  or  less  of  the 
materials  tested.  In  addition  to  the  minimum  and  maximum  yields,  table  2 con- 
tains the  mean  and  median  yields  for  each  of  the  nine  TDP's.  Due  to  a small 
number  of  comparatively  large  yields,  the  median  yield  is  more  representative 
of  the  "average"  yield  than  the  mean. 

The  last  two  columns  In  table  2 are  a comparison  of  TDP  yields  in  milligrams 
per  gram  (mg/g)  and  equivalent  concentrations  In  parts  per  million  (p/m) 
recorded  In  the  animal  exposure  chamber.  For  example.  If  a material  produces 
100  mg/g  of  CO  In  the  NAFEC  test  apparatus,  750  mg  of  the  material  should 
produce  5,287  p/m  of  CO  in  a volume  of  12.6  liters.  The  equivalent  concen- 
trations In  p/m  are  provided  as  a readily  available  basis  of  comparison  for 
other  data  banks.  Also,  yields  In  mg/g  can  sometimes  be  misleading.  For 
example,  the  median  yields  for  HBr  and  HF  are  approximately  equal,  but  the 
equivalent  concentrations  in  p/m  Indicate  a substantial  difference  In  exposure 
levels. 
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TABLE  2 


MEAN  AND  MEDIAN  TDP  YIELDS 


TDP 

Number 

TDP  Yields  (mg/g) 

Equivalent 

Concentration* 

Mean 

Median 

Minimum 

Maximum 

Pg/g 

CO 

74 

U3 

96 

406 

100 

5,287 

N02 

56 

0.3 

0.1 

2 

0.1 

3.2 

HCN 

52 

9.2 

5.7 

62.4 

5 

275 

HCHO 

48 

4.9 

2.2 

63.4 

2 

98.7 

HCt 

45 

92.8 

34.4 

536 

30 

1,216 

S02 

25 

3.1 

1.9 

0.3 

16.6 

2 

46.3 

HBr 

23 

12.2 

7.1 

1.7 

47 

10 

x83 

HP 

17 

23.1 

8.3 

4.1 

152 

10 

740 

H2S 

13 

5.7 

5.3 

0.2 

14,2 

5 

218 

*The  TDP  concentration  (p/m)  equivalent  to  the  Indicated  yield  (mg/g)  for  a sample 
weight  of  750  mg,  an  exposure  chamber  volume  of  12.6  liters,  and  a chamber  temperature 
of  30*0. 


COMPARISON  OF  MATERIAL  USAGE  CATEGORIES  . j 

The  material  usage  categories  listed  in  table  3 are  arranged  according  to  | 

the  magnitudes  of  the  mean  t^  values  of  the  individual  materials  in  each  j 

category.  Incapacitation  was  obtained  for  71  of  the  75  materials,  with  t^  | 

values  ranging  from  1,15  to  14.96  minutes.  The  mean  tj^  for  the  71  materials  | 

is  5.79  minutes  =0.173)  with  a standard  deviation  of  3.05  minutes.  i 

The  median  t^^  value  is  5.06  minutes  (l/tj^=0,198).  j 

TABLE  3.  ANALYSIS  OF  Ti  VALUES  ACCORDING  TO  MATERIAL  USAGE  CATEGORIES  I 


Materials 

Included 

t:j 

Values  (minutes)  I 

Minimum 

Maximum 

Mean 

Fabrics 

12 

1.15 

7.57 

2.58 

Panels 

13 

2.36 

5.85 

3.48 

Transparencies 

2 

3.80 

7.56 

5.06 

Components 

9 

3.22 

13.02 

5.29 

Foams 

9 

4.29 

9.58 

5.53 

Thermoplastics 

8 

3.70 

10.79 

5.56 

Insulations 

3 

3.70 

12.26 

5.95 

Liners 

3 

3.99 

10.33 

6.28 

Flooring 

6 

4.94 

10.90 

6.67 

Coated  Fabrics 

4 

6.97 

13.71 

9.00 

Elastomers 

2 

9.16 

14.96 

10.36 

Seven  of  the  usage  categories  in  table  3:  transparencies,  panel  components, 
foams,  thexrmoplastics,  insulations,  cargo  liners,  and  flooring  have  mean  t^ 
values  that  are  similar  to  the  mean  t^  value  for  all  71  materials.  Two  of 
the  usage  categories:  coated  fabrics  and  elastomers,  have  mean  tj^  values 
that  exceed  the  mean  t^  of  5.8  minutes.  However,  the  two  usage  categories 
which  together  account  for  the  majority  of  the  surface  area  in  an  aircraft 
cabin,  fabrics  and  panels,  exhibit  greater  relative  potential  toxicities 
than  the  other  usage  categories. 
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LINEAR  REGRESSION  ANALYSIS;  GROUPED  DATA. 

Least-squares  linear  regression  equations  relating  animal  response  data  and 
TDP  yields  can  be  calculated  for  either:  (1)  the  71  materials  as  a generalized 
group,  or  (2)  each  material  usage  category.  The  appropriateness  of  each 
approach  has  been  investigated.  The  regression  equation  describing  the  cal- 
culated times-to-incapacitation  (t^,)  for  the  grouped  data  (71  materials)  is 
contained  in  equation  1. 

1000  (1/tc)  =16.7  (HCN)  + 0.615  (CO)  -11.1  (H2S) 

+41.2  (NO2)  + 6.49  (SO2)  -0.103  (HCi)  (1) 

-1.36  (HCHO)  - 0.661  (HBr)  -0.121  (HE)  +84.3 


The  terms  in  equation  1 appear  in  the  order  of  their  relative  importance  in 
minimizing  residuals,  and  the  equation  is  based  on  both  zero  and  nonzero  TPD 
yields.  The  coefficient  of  correlation  is  0.915,  while  the  coefficient  of 
determination  (R^)  is  0.837.  Since  the  R^  value  is  the  ratio  of  explained 
variation  to  total  variation,  this  regression  equation  can  account  for  approx- 
imately 84  percent  of  the  variation  in  ^/tj^  values,  even  though  only  nine  of 
the  more  common  TDP's  are  included  in  the  regression  equation.  Although 
HCHO  and  HF  yields  have  been  included  in  the  regression  equation,  only  one  of 
these  TDP  was  measured  for  any  one  material.  However,  deleting  both  HCHO  and 
HF  yields  from  the  regression  equation  results  in  an  R value  of  0.913.  A 
scatter  diagram  for  1/t^  and  1/t  values  is  contained  in  figure  3. 
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An  abbreviated  regression  equation  based  on  HCN,  CO,  and  H2S  yields  is  contained 
in  equation  2. 


1000  (1/tc)  = 12.7  (HCN)  + 0.627  (CO)  - 12.7  (H2S)  + 81.6  (2) 

The  R value  for  this  equation  is  0.891,  while  the  r2  value  is  0.793.  Yields 
of  these  three  systemic  toxicants  account  for  95  percent  of  the  explainable 
variation  in  l/t^^  values  (0.793  versus  0.837).  Therefore,  the  correlation 
is  not  significantly  improved  by  including  NO2,  SO2,  HC H,  HBr,  HCHO,  and  HF 
yields  in  the  regression  equation. 


LINEAR  REGRESSION  ANALYSIS;  MATERIAL  USAGE  CATEGORIES  . 

An  examination  of  the  residuals  (differences  between  ^/t^  and  l/t^  values) 
resulting  from  equation  1 indicates  that,  statistically,  it  may  not  be  appro- 
priate to  treat  the  71  materials  as  a collective  group.  Positive  and  negative 
residuals  should  be  randomly  distributed  if  the  data  represent  a homogeneous 
sample.  However,  the  algebraic  distribution  of  residuals  is  not  random  within 
the  usage  categories.  For  example,  9 of  the  13  panels  and  9 of  the  12  fabrics 
have  positive  residuals.  Seven  of  the  nine  foams  and  six  of  the  eight  thermo- 
plastics have  negative  residuals,  while  the  residuals  for  the  six  flooring 
materials  are  all  negative.  These  data  indicate  that  equation  1 describes 
a family  of  curves,  and  is,  therefore,  inappropriate  for  describing  the 
behaviors  of  the  71  materials. 
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For  example,  figures  4 and  5 Illustrate  the  least-squares  regression  lines  for 
CO  and  HCN,  respectively,  for  various  material  usage  categories.  These  figures 
Illustrate  the  diversity  of  responses  that  can  be  obtained  for  different  group- 
ings of  materials.  The  result  Is  a set  of  nonparallel  regression  lines,  each 
of  which  is  Influenced  by  a different  environment. 


Therefore,  linear  regression  equations  have  been  calculated  for  each  of  the 
usage  categories  llste.!  In  table  4.  Values  of  1/t^  calculated  using  equa- 
tions 3 through  10  (table  4)  are  Included  In  table  1,  along  with  the  observed 
1/ti  values.  It  is  a mathematical  requirement  that  (n+1)  materials  can  be 
described  by  no  more  than  (n)  TDP.  Therefore,  elastomers.  Insulations,  and 
cargo  liners  have  been  conblned  In  order  to  form  a group  of  sufficient  size 
to  treat  mathematically.  It  is  necessary  to  work  with  grouped  data  If  the 
usage  categories  contain  a relatively  small  nund>er  of  materials . Scatter 
diagrams  for  each  usage  category  appear  In  figures  6 through  13. 


The  equations  In  table  4 are  not  unique.  A number  of  equations  can  be  gen- 
erated for  each  usage  category  by  varying  the  TDP  upon  which  the  equations 
are  based.  For  example,  the  r2  value  for  equation  6 actually  Increases 
somewhat  when  CO  yields  are  deleted  from  the  regression  calculations  and 
replaced  with  SO2  yields.  However,  all  the  equations  In  table  4,  except  for 
equation  3,  satisfy  two  criteria.  They  contain  enou^  terms  to  achieve  a 
minimum  value  of  0.95  and  as  many  of  the  terms  as  possible  have  positive 
regression  coefficients.  The  negative  coefficients  for  H2S  result  from 
including  0-mg/g  H2S  yields  in  the  regression  calculations. 


Panels  provide  the  worst  correlation  between  TDP  yields  and  values.  The 

maximum  R^  value  for  panels  Is  a relatively  low  0.636.  Several  factors  may 
contribute  to  the  poor  correlation  for  panels.  One  possible  explanation  is 
that  TDP's  other  than  those  listed  in  table  1 significantly  contribute  to  the 
relative  toxicities  of  the  panels.  For  example,  organon! triles  may  be  in5)ortant 
for  panels  due  to  the  thermal  degradation  of  the  Nomex®  honeycomb  cores . 

Another  possible  explanation  for  the  poor  correlation  is  sampling  error.  A 
250-mg  sample  of  a heterogenous  composite,  often  an  Inch  in  thickness,  may 
not  always  be  representative  of  the  panel,  since  a large  excess  of  adhesive 
can  substantially  alter  the  weight  fraction  of  each  panel  component  In  a 
250-mg  sample.  Therefore,  more  sophisticated  sampling  techniques  may  be 
required  for  composite  materials. 


PREDICTION  OF  UNKNOWN  T^  VALUES. 

Once  a descriptive  equation  has  been  generated  using  one  sample  of  materials. 
It  Is  tempting  to  use  such  an  equation  as  a predictive  tool  for  a sample  of 
similar  materials.  However,  the  descriptive  eqtiatlons  contained  in  table  4 
could  not  have  been  generated  without  first  obtaining  t^  values  for  the 
materials.  In  addition,  these  equations  only  apply  to  the  experimental 
conditions  employed  to  generate  them.  Different  regression  equations  (based 
on  animal  data)  would  have  to  be  established  for  each  experimental  condition. 

One  approach  to  evaluating  the  predictive  powers  of  the  calculated  regression 
equations  Is  to  calculate  predicted  times-to-incapacitation  (tp)  for  the 
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(1,000)  1/t, 


four  materials  that  did  not  produce  Incapacitation  In  the  test  animals.  One 
would  like  to  know  how  such  materials  are  ranked  analytically,  even  though 
this  Is  not  an  appropriate  use  of  the  descriptive  equations.  Since  these 
materials  do  not  produce  Incapacitation,  they  represent  a biased  sample.  They 
should  not  be  evaluated  using  the  calculated  regression  equations  since  these 
equations  are  based  on  materials  which  do  produce  Incapacitation.  However, 
since  It  Is  Impossible  to  determine  this  fact  without  first  performing  animal 
tests,  the  appropriate  regression  equations  have  been  used  to  predict  tj^  values 
for  these  materials.  The  predicted  tj^  value  for  material  109  was  calculated 
using  equation  9.  However,  the  equations  In  table  A are  not  necessarily  the 
best  predictive  equations  for  each  usage  category.  They  simply  represent  one 
of  a nund>er  of  possible  descriptive  equations.  The  predicted  t^  values  for 
materials  25,  66,  and  118A  were  calculated  using  equation  11 

(1,000)  1/ti  = 18.2  + 1.30  (CO)  + 20.3  (HCN)  + 0.224  (HCSl)  (11) 

- 141.5  (NO2)  + 1.35  (HCHO) 

which  has  an  value  of  0.983.  This  Is  a better  predictive  equation  than 
equation  10.  For  example,  the  tp  for  material  66  Is  6.0  minutes  using 
equation  10,  while  It  Is  7.1  minutes  based  on  equation  11.  The  results  of 
these  calculations  are  contained  In  table  5. 

The  maximum  observed  t^  value  for  the  71  materials  Is  14.96  minutes,  and  only 
eight  materials  have  tj^  values  greater  than  10  minutes.  Materials  109,  118A, 
and  25  have  predicted  t^^  values  between  10.7  and  20.2  minutes.  Assuming  a 
log-normal  distribution  of  tj^  values,  these  materials  are  predicted  to  be 
less  hazardous  than  90  percent  or  more  of  the  sample  population,  as  Indicated 
In  the  last  column  of  table  5.  The  log-normal  percentile  Is  the  fraction  of 
the  sample  population  that  Is  expected  to  produce  Incapacitation  In  less  than 
the  Indicated  time. 

Material  66,  with  a predicted  tj^  value  of  7.1  minutes.  Is  predicted  to  be  less 
hazardous  than  only  60  percent  of  the  sample  population.  The  relatively  high 
predicted  toxicity  is  due  primarily  to  the  reported  HCN  yield  of  7.3  mg/g,  a 
level  that  is  Indeed  capable  of  producing  Incapacitation  within  4 to  8 minutes 
(based  on  similar  HCN  yields  In  table  1) . Since  incapacitation  did  not  occur , 
one  must  conclude  that  the  reported  HCN  yield  is  significantly  In  error.  This 
material  Illustrates  one  of  the  primary  problems  associated  with  comparing 
materials  based  on  analytical  data.  The  complexity  of  combustion  atmospheres 
often  makes  It  difficult  to  obtain  reliable  data  on  TDP  concentrations. 

The  predictive  powers  of  the  regression  equations  in  table  4 have  also  been 
evaluated  by  a second  technique.  One  material  was  selected  from  each  of  the 
four  main  usage  categories:  panels,  foams,  fabrics,  and  thermoplastics  by  a 
blind  draw.  These  materials  were  deleted  from  the  data  bank,  and  new  linear 
regression  equations  were  generated  based  on  the  remaining  materials.  The 
new  equations  were  used  to  predict  the  "unknovm"  tj^  values.  The  deleted 
materials  were  returned  to  the  data  bank  and  this  procedure  was  repeated  three 
more  times.  The  results  of  the  four  trials  are  contained  In  table  6. 
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The  coefficients  of  correlation  between  t^  and  the  predicted  tj^  values  (tp) 
have  been  calculated  for  each  of  the  fom:  material  usage  categories.  In 
addition,  the  deleted  materials  in  each  usage  category  have  been  compared 
according  to  their  relative  ranking,  as  Indicated  In  table  6.  There  Is  a 
very  good  correlation  between  and  tp  values  for  fabrics  and  thermoplastics, 
but  not  for  panels.  One  would  not  expect  a good  correlation  for  panels  due 
to  their  relatively  poor  correlation  with  TDP  yields,  which  has  previously 
been  discussed. 

The  regression  equations  for  fabrics  and  thermoplastics  probably  contain  the 
primary  systemic  toxicants  associated  with  the  materials  In  each  of  these  usage 
categories.  These  TDP's  are  HCN  and  CO,  respectively.  Therefore,  regression 
coefficients  are  not  greatly  affected  by  material  deletions,  with  the  result 
that  tj  and  tp  values  are  In  good  agreement.  The  more  erratic  agreement  for 
foams  may  be  due  to  the  fact  that  not  all  of  the  dominant  systemic  toxicants 
are  Included  In  the  regression  equation.  For  example.  Isocyanates  are  highly 
toxic,  but  they  were  not  measured.  This  may  contribute  to  the  greater 
fluctuation  In  regression  coefficients  when  materials  are  deleted. 

The  relative  rankings  of  the  deleted  materials  follow  the  same  pattern.  The 
rankings  are  Identical  for  fabrics  and  theromoplastics , Intermediate  for  foams, 
and  poor  for  panels. 

The  data  in  table  6 Indicate  that  the  calculated  regression  eqtiatlons  should 
not  be  used  as  predictive  tools,  especially  considering  the  present  state  of 
knowledge  In  this  area.  However,  the  results  do  suggest  that  a combined 
analytical/toxicological  approach  is  potentially  useful  if  it  can  be  suf- 
ficiently refined  through  additional  research. 

SINGLE-GAS  CORRELATIONS. 

Literally  hundreds  of  TDP’s  are  released  by  polymeric  materials.  When  a test 
animal  Is  exposed  to  such  a complex  environment,  each  of  the  TDP  will  make 
some  contribution  to  an  observed  animal  response.  In  addition,  the  Inter- 
action of  the  various  TDP’s  will  alter  their  apparent  toxicity.  It  would  be 
difficult  to  quantitate  the  degree  of  contribution  associated  with  a single 
toxic  species  under  these  conditions.  However,  It  is  possible,  using  least- 
squares  linear  regression  analysis,  to  determine  whether  or  not  a particular 
TDP  Is  associated  to  a dlscemable  degree  with  the  observed  animal  response, 
in  this  case 

When  the  71  materials  that  produced  incapacitation  are  considered  as  a group , 
eight  of  the  nine  TDP's  Individually  correlate  with  values,  as  Indicated 

In  table  7.  These  correlations  only  Include  those  materials  with  nonzero 
TDP  yields.  Seven  of  the  correlations  are  significant  at  the  1-percent  prob- 
ability level  (Pj).  These  are  the  correlations  for  CO,  NO2,  HCN,  SO2  HBr,  HF, 
and  H2S.  The  correlation  for  HCf  is  also  significant,  but  at  the  5-percent 
probability  level.  The  correlation  for  HCHO  yields,  however,  is  not  signifi- 
cant at  even  the  10-percent  level.  The  scatter  diagrams  for  the  data  In 
table  7 are  contained  In  figures  14  through  22. 
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The  r|gresslon  lines  for  three  of  the  TDP's  that  are  significantly  correlated 
with  /tj^  values,  HCl,  HBr,  and  HF,  have  negative  slopes.  The  yields  of  these 
TDP's  are  Inversely  proportional  to  observed  toxLclties.  This  is  probably 
due  to  their  properties  as  respiratory  irritants,  since  pure-gas  studies  indi- 
cate that  such  TDP's  tend  to  reduce  an  animal's  respiratory  minute  volume 
(reference  11).  This  would  result  in  a lower  rate  of  inhalation  of  the  avail- 
able systemic  toxicants  than  otherwise  would  occur,  and  tj^  values  subsequently 
Increase.  Although  these  TDP's  prolong  observed  tj^  values  In  rats,  this  does 
not  imply  that  the  presence  of  irritants  in  a fire  environment  will  increase 
human  escape  potential  (references  12,  13,  14,  and  15).  A more  appropriate 
conclusion  may  be  that  additional  research  is  required  before  materials  pro- 
ducing significant  quantities  of  irritants  can  be  properly  evaluated. 

The  regression  lines  for  CO,  HCN,  H2S,  NO2 , and  SO2  have  positive  slopes. 

Carbon  monoxide,  HCN,  and  H2S  are  systemic  toxicants.  Since  they  are  cap- 
able of  producing  an  incapacitation  response  at  relatively  low  concentrations, 
positive  slopes  are  expected  for  these  TDP's.  Nitrogen  dioxide  and  SO2,  how- 
ever, are  considered  to  be  respiratory  irritants  (for  laboratory  animals)  at 
the  low  levels  and  short  exposure  times  encountered  in  these  tests  (references 
16,  17,  and  18).  The  median  yield  of  NO2  corresponds  to  an  average  exposure 
concentration  of  3.2  p/m  in  a 12.6  liter  exposure  chamber.  The  median  yield  of 
SO2  corresponds  to  an  average  e3q)osure  concentration  of  46  p/m.  The  positive 
correlation  with  values  for  these  TDP's,  therefore,  may  be  due  to  the 

colinearity  of  NO2  and  SO2  yields  with  toxic  nitrogen-and-sulfur-containlng 
TDP's  that  were  not  measured. 

Another  possible  contribution  to  the  positive  correlations  Is  the  variability 
of  the  data.  The  average  relative  standard  deviations  (ARSD)  for  the  NO2 , 

SO2,  and  HCHO  yields  are  between  53  and  60  percent  (reference  2).  Such  a wide 
variability  in  these  TDP  yields,  combined  with  an  ARSD  of  approximately  15 
percent  for  the  animal  response  data  (reference  9) , could  affect  the  slopes 
of  the  correlation  lines  if  only  a small  number  of  data  points  are  involved. 

The  R value  for  HCN  in  table  7 corresponds  to  an  R^  value  of  0.607,  while 
the  corresponding  R^  value  for  CO  is  0.089.  In  addition,  the  standard  error 
of  estimate  is  less  for  HCN  than  for  CO,  even  though  there  are  fewer  data 
points  for  the  HCN.  These  data  suggest  that  HCN  rather  than  CO  is  the  pre- 
dominant toxic  species  for  many  of  the  71  materials  that  produced  incapaci- 
tation. On  the  basis  of  usage  categories,  HCN  is  the  predominant  toxlant 
for  fabrics,  flooring,  and  elastomers /cargo  llners/lnsulatlons . Carbon  mon- 
oxide is  the  predominant  toxicant  for  foams , coated  fabrics , and  thermoplas- 
tics. Hydrogen  cyanide  and  CO  are  approximately  equally  important  for  panels 
and  panel  components. 

The  last  column  in  table  7 contains  concentrations  of  selected  TDP's  calculated 
using  the  regression  coefficients  in  that  table.  Statistically,  these  concen- 
trations will  produce  incapacitation  in  a 200  g rat  in  5 minutes  (appendix  D, 
of  reference  9)  under  the  experimental  conditions  employed  in  the  CAMI  animal 
exposure  system.  Due  to  the  nature  of  these  calculations,  however,  the  pre- 
dicted concentrations  should  only  be  evaluated  on  a qualitative  basis.  Cal- 
culations based  on  pure  gas  studies  (appendix  D,  of  reference  9)  indicate 


that  a 200  g rat  will  Incapacitate  In  5 minutes  when  exposed  to  a CO  concen- 
tration of  4,981  p/m.  The  CO  concentration  predicted  by  the  regression 
equation  In  table  7,  4,516  p/m.  Is  approximately  91  percent  of  the  pure-gas 
value . 


TABLE  7.  CORRELATION  OF  INDIVIDUAL  TDP  YIELDS  WITH  1/tl  VALUES 


TDP 

Times 

Detected 

R 

Wi 

a(3) 

b(3) 

Predicted 

Concentration 

H2S 

13 

0.962 

0.059 

mi 

20.6 

120 

170 

HCN 

51 

0.779 

0.091 

1 

9.14 

168 

193 

HBr 

21 

-0.774 

0.096 

1 

- 1.40 

295 

- 

HF 

17 

-0.626 

0.077 

1 

- 1.59 

289 

- 

SO2 

25 

0.601 

0.187 

1 

5.7 

198 

- 

N02 

53 

0.579 

0.117 

1 

139 

181 

- 

HCil 

44 

-0.307 

0.127 

5 

- 0.30 

219 

- 

CO 

70 

0.298 

0.125 

1 

0.48 

159 

4,516 

HCHO 

45 

-0.084 

- 

- 

- 

- 

- 

(1)  Standard  Error  of  Estimate 

(2)  Probability  Level  of  the  Correlation 

(3)  1000  (1/ti)  = a (mg/g)  + b 

(4)  The  predicted  concentration  (p/m)  of  a TDP,  calculated  using  the 
equations  In  this  table,  which  should  produce  Incapacitation  for 
a 200g  rat  In  5 minutes  (reference  9) . Chamber  temperature  Is 
assumed  to  be  30° C, 


Carbon  monoxide  Is  a stable  gas,  and  one  would  not  expect  wall  losses  nor  losses 
due  to  the  presence  of  the  test  animal  to  be  significant.  The  calculated  results 
seem  to  support  this  expectation.  Unlike  CO,  HCN  and  H2S  are  reactive  gases, 
and  losses  from  the  gas  phase  are  expected  to  be  significant.  Calculations 
based  on  pure-gas  exposures  for  HCN  predict  that  a concentration  of  107  p/m 
will  Incapacitate  a 200  g rat  In  5 minutes  (appendix  D,  of  reference  9).  The 
concentration  of  193  p/m  calculated  from  the  regression  equation  in  table  7 
Indicates  that  approximately  half  of  the  generated  HCN  may  be  lost  from  the  gas 
phase  In  the  animal  exposure  system.  The  magnitude  of  this  result  does  not 
appear  to  be  unreasonable.  This  suggests  that  the  median  HCN  yield  to  which 
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the  test  animals  were  actually  exposed  in  the  CAMI  test  chamber  was  probably 
half  the  275  p/m  reported  in  table  2.  This  would  be  In  agreement  with  the 
median  t^  of  5.8  minutes.  In  addition,  both  HCN  and  H2S  are  expected  to 
have  similar  toxiclties  (reference  19).  The  170  p/m  obtained  for  H2S  In 
table  7 is  within  12  percent  of  the  193  p/m  value  obtained  for  HCN,  indica- 
ting an  equivalent  toxicity  if  gas-phase  losses  are  assumed  to  be  equal.  The 
median  2mlmal  exposure  level  for  H2S  is  also  probably  overestimated  in  table  2. 

DISCUSSION  OF  RESULTS. 

The  data  upon  which  these  correlations  are  based  were  obtained  under  less 
than  optimum  conditions.  Since  the  majority  of  the  nine  TDP's  are  reactive, 
it  is  expected  that  significant  quantities  of  these  TDP's  are  lost  from  the 
gas  phase.  This  Is  especially  true  when  test  animals  are  used  for  whole-body 
exposures.  Therefore,  the  degree  of  correlation  between  ^lt±  values  and  TDP 
yields  is  expected  to  Increase  for  an  experiment  in  which  the  TDP's  are 
sampled  directly  from  the  animal  exposure  chamber. 

The  concentrations  of  the  various  TDP's  to  which  the  test  animals  are  exposed 
vary  as  a function  of  time.  There  are  also  differences  in  the  concentration- 
time profiles  between  the  TDP's  produced  by  a material.  For  example,  material 
88  (wool  fabric)  releases  H2S  as  a single  peak  within  the  first  minute  of  the 
test.  Hydrogen  cyanide  and  CO  are  released  during  the  majority  of  the  test 
period,  and  appear  as  double  peaks  (reference  2).  Therefore,  the  total  yield  of 
a TDP  is  only  a simple  approximation  of  the  environment  to  which  the  test 
animals  are  actually  exposed.  A more  precise  approach  involves  measuring 
the  concentration  of  each  TDP  as  a function  of  time  and  integrating  the  area 
under  the  curve  up  to  the  tlme-to-incapacitation.  However,  this  approach  is 
too  complex  for  an  initial  feasibility  study.  In  addition,  the  results  sug- 
gest that  the  use  of  total  TDP  yields  is  adequate  for  the  experimental 
conditions  employed  in  these  studies. 

Another  factor  affecting  the  degree  of  correlation  is  the  difference  between  the 
NAFEC  and  CAMI  experimental  procedures.  A 250-mg  sample  weight  and  2 i /m  air- 
flow rate  are  employed  at  NAFEC,  while  a 750-mg  sample  weight  and  4 S. /m  airflow 
rate  are  employed  at  CAMI.  In  addition,  the  heating  time  is  5 minutes  at  NAFEC 
and  10  minutes  at  CAMI.  These  factors  can  result  in  a noticeable  difference  in 
at  least  CO  yields  for  some  materials  (reference  2). 

Althou^  only  the  three  systemic  toxicants  (HCN,  CO,  and  H2S)  are  included  in 
equation  2,  the  value  for  this  correlation  is  0.793,  versus  0.837  for  equa- 
tion 1.  Therefore,  Including  such  irritant  TDP's  (in  low  concentrations)  as 
NO2,  SO2,  HCi,  HCHO  and  HF  in  the  calculations  does  not  significantly  improve 
the  correlation.  There  are  several  factors  that  might  account  for  the 
apparent  lack  of  Influence  these  TDP's  have  on  calculated  ^/ 1(.  values.  One 
factor  is  that  their  gas-phase  concentrations  tend  to  be  unstable  in  reactive 
environments.  This  may  result  in  a substantial  reduction  in  their  concen- 
tration before  they  can  significantly  affect  the  responses  of  the  test 
animals.  However,  HCN  and  H2S  are  also  reactive  TDP's,  and  their  influence  is 
evident.  This  factor  cannot  be  evaluated  without  first  performing  experiments 
in  which  TDP  concentrations  are  monitored  in  the  animal  exposure  chamber  as  a 
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function  of  time.  An  additional  factor  might  be  that  the  test  procedures 
employed  in  the  conijined  NAFEC/CAMI  studies  may  tend  to  emphasize  systemic 
toxicants  rather  than  irritant  TDP's.  Irritants  represent  an  important 
class  of  TDP's  because  of  their  possible  negative  effects  on  human  escape 
potential  (reference  12),  These  effects  can  occur  at  concentrations  sub- 
stantially below  those  required  to  produce  short-term  incapacitation. 
Therefore,  the  use  of  rats  as  the  test  animal  and/or  incapacitation  as  the 
endpoint  may  not  be  adequate  for  those  materials  that  produce  significant 
yields  of  irritants. 


SUMMARY  OF  RESULTS 


1 


% 


1.  The  coefficient  of  correlation  between  ^/tj  and  ^/t<j  values  for  the 
56  materials  producing  a tjj  is  0.914. 

2.  Carbon  monoxide,  NO2 , HCN,  HCHO,  and  HC  are  released  by  60  percent  or  more 
of  the  materials  tested,  while  SO2,  HBr,  HF,  and  H2S  are  released  by  a third 

or  less  of  the  materials. 

3.  The  group  tj^  values  for  fabrics  and  panels  are  less  than  the  mean  tj^  value 
for  the  71  materials  producing  incapacitation. 

4.  Values  of  ^/t^  for  the  71  materials  are  described  by  the  following  least- 
squares  linear  regression  equation  in  which  the  coefficient  of  correlation  is 
0.915. 

1000  (^/tj.)  = 16.7  (HCN)  +0.615  (CO)  - 11.1  (H2S)  + 41.2  (NO2) 

+ 6.49  (SO2)  - 0.103  (HC«,)  - 1.36  (HCHO)  - 0.661  (HBr) 

- 0.  121  (HF)  + 84.3 

5.  The  following  abbreviated  regression  equation  describing  the  71  materials 
is  based  on  only  HCN,  CO,  and  H2S  yields  and  has  a coefficient  of  correlation 
of  0.891. 

lOOOd/t^)  = 12.7  (HCN)  + 0.627  (CO)  - 12.7  (H2S)  + 81.6 

6.  The  coefficients  of  correlation  between  TDP  yields  and  ^/t^  values  exceed 
0.95  for  all  usage  categories  except  panels,  for  which  the  correlation  coeffi- 
cient is  0.80. 


7.  The  coefficients  of  correlation  between  observed  and  predicted  values 

for  four  "unknown"  materials  in  each  of  several  usage  categories  are: 
panels  = 0.393,  foams  = 0.948,  fabrics  = 0.968,  and  thermoplastics  = 0.988. 


8.  Eight  of  the  nine  TDP  yields  are  Individually  correlated  with  ^/t-^  at  a 
probability  level  of  5 percent  or  greater;  HCHO  yields  are  not  correlated  with 
^/ti  values. 
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CONCLUSIONS 


fr 


1. 


Times-to-incapacitation  are  highly  correlated  with  times-to-death 


2.  Hydrogen  cyanide,  rather  than  CO,  is  the  primary  toxic  species  for  the 
materials  and  exposure  conditions  discussed  in  this  report. 

3.  The  two  usage  categories  which  together  account  for  the  majority  of  the 
surface  area  in  an  aircraft  cabin,  fabrics  and  panels,  exhibit  greater  relative 
potential  toxlcltles  than  the  other  usage  categories. 


4.  Times-to-incapacitation  can  be  described  by  a statistical  model  based 
on  selected  TDP  yields. 

5.  Only  a limited  number  of  commonly  monitored  TDP's  are  required  to  adequately 
describe  times-to-incapacitation. 

6.  The  incapacitation  response  is  related  primarily  to  the  yields  of  systemic 
toxicants  (HCN,  CO,  etc.)  rather  than  the  yields  of  irritant  TDP's. 

7.  An  analysis  of  residuals  indicates  that  similar  materials,  those  within 
the  same  usage  category,  often  tend  to  group  together.  Therefore,  a least- 
squares  regression  equation  should  be  calculated  for  each  family  of  materials. 

8.  Material  classifications  based  on  usage  categories  may  not  always  be 
appropriate  for  correlations  between  animal  responses  and  TDP  yields. 


9.  The  potential  toxicities  of  panels  are  not  adequately  described  by  the 
measured  TDP  yields. 
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RECOMMENDATIONS 


1.  The  relative  importance  of  HCN  and  CO  as  primary  toxicants  In  enclosure 
fires  Involving  largely  synthetic  materials  should  be  Investigated. 


2.  The  effect  of  exposure  conditions  (flaming  combiistlon  versus  oxidative 
pyrolysis)  on  the  results  contained  In  this  report  should  be  Investigated. 


3.  Additional  TDP's  contributing  to  the  incapacitation  response  should  be 
Identified  and  Included  in  the  regression  equations. 


4.  Tlie  adequacy  of  present  animal  test  protocols  for  comparing  materials 
which  release  significant  quantities  of  Irritant  TDP  should  be  Investigated. 


5.  The  applicability  of  a combined  analytical/ toxicological  approach  should 
be  Investigated  through  additional  research. 


6.  The  predictive  powers  of  the  regression  equations  for  each  usage  cate- 
gory should  be  investigated  by  evaluating  untested  materials. 
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FIGURE  1.  NAFEC  COMBUSTION  TUBE  AND  TDP  SAMPLING  SYSTEM 


FIGURE  2.  CAMI  ANIMAL  EXPOSURE  CHAMBER 
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OBSERVED  l/t;  (MIN-^)  78-45-3 

FIGURE  3.  SCATTER  DIAGRAM  FOR  THE  CORRELATION  OF  CALCULATED  AND 
OBSERVED  VALUES  OF  l/t^  FOR  71  MATERIALS 


FIGURE  4 


A COMPARISON  OF  CO  LINEAR  REGRESSION  PLOTS  FOR 
VARIOUS  MATERIAL  USAGE  CATEGORIES 
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OBSERVED  1/tj  (MIN'*)  78-45-7 


FIGURE  7.  PANEL  COMPONENTS  - COMPARISON  OF  CALCULATED  AND 
OBSERVED  1/tj  VALUES 
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FIGURE  8.  FOAMS  - COMPARISON  OF  CALCULATED  AND  OBSERVED 
l/t-'  VALUES 
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FIGURE  11.  FLOORING  - COMPARISON  OF  CALCULATED  AND 
OBSERVED  l/t£  VALUES 


FIGURE  12.  THERMOPLASTICS  AND  TRANSPARENCIES  - COMPARISON  OF 
CALCULATED  AND  OBSERVED  1/t^  VALUES 
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1/t,  (MIN'  ) CALCUL 


3.  ELASTOMERS,  INSULATIONS,  AND  CARGO  LINERS  - COMPARISON 
OF  CALCULATED  AND  OBSERVED  1/ti  VALUES 


FIGURE  14.  CORRELATION  OP  l/t.  VALUES  WITH  NONZQIO  CO  YIELDS 


FIGURE  15.  CORRELATI(M<  OF  VALUES  WITH  NONZERO  NO2  YIELDS 


FIGURE  16.  CORRELATION  OF  1/t.  VALUES  WITH  NONZERO  HCN  YIELDS 
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FIGURE  17.  CORRELATION  OF  1/t^  VALUES  WITH  NONZERO  HCHO  YIELDS 
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FIGURE  18.  CORRELATION  OF  1/t^  VALUES  WITH  NONZERO  HC*.  YIELDS 
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FIGURE  19.  CORRELATION  OF  l/t^^  VALUES  WITH  NONZERO  SO- 


FIGURE  20.  CORRELATION  OF  1/tj^  VALUES  WITH  NONZERO  HBr 
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